Biphenotypic acute leukemia (BAL) is an uncommon clinical entity. It is a type of acute leukemia with features characteristic of both the myeloid and lymphoid lineages and for this reason is designated as mixed-lineage, hybrid or biphenotypic acute leukemia. As strict diagnostic criteria have only recently been established, the precise incidence among acute leukemia is uncertain, although it is likely to account for approximately less then 5% of all acute leukemia. BAL is now collectively considered as "mixed phenotype acute leukemia" (MPAL). We hereby report two cases of a rare disease, BAL from our institution in the light of morphology, cytochemistry, flow cytometry and review of literature regarding these cases are described.
Introduction
Diagnosis and classification of acute leukemia depend on morphology, cytochemistry, immunophenotype, cytogenetic and molecular analyses. The examination of the pheripheral blood or bone marrow aspirate and various cytochemical stains, in most of the cases can distinguish lymphoblasts from myeloblasts. The immunophenotyping of the leukemic blasts is essential to distinguish between B and T lymphoblastic line and AML type. The immunological markers CD19, CD20, CD22, and CD79a belong to B cells, while CD2, CD3, CD5, CD7 are found on the surface of the T cells. Except for M0 and M7 (CD41, CD61), the myeloid markers are CD13, CD33, CD117 and also the myeloperoxidase (MPO). In acute leukemia blast cells frequently express markers of a single cell line (lineage fidelity) and a variable number of cases, an aberrant antigen expression can be found (lineage infidelity).
BAL is a very rare form of hematological malignancy. It is believed to arise from a multipotent progenitor cell and has a poor prognosis. A strict immunophenotypic scoring system has been provided by European Group for Immunological Classification of Leukaemia (EGIL) for its diagnosis. While immunophenotyping is being routinely done to classify acute leukemia, a simple observation of presence of morphologically two distinct variants of blasts in the peripheral blood or bone marrow aspirate may serve as the key to the diagnosis of most cases. A simple myeloperoxidase staining and its positivity in more than 3% of blasts in the bone marrow may lead to a diagnosis of AML by FAB criteria, so the probability of under diagnosis of BAL cannot be ignored if the facility for immunophenotyping is not available. In this report, we describe two cases of BAL from our institution in the light of morphology, cytochemistry and flow cytometyric immunophenotyping.
Methods
We report two cases BAL presented to the medical oncology department of Dr. B. Borooah Cancer Institute, Guwahati, a regional institute for treatment and research. After clinical examination blood investigations were carried out. Followed by bone marrow aspiration, bone marrow smears have been prepared and 3 ml aspirated blood taken in EDTA vial. Cytochemical stains are done adjunct to morphological examination. Myeloperoxidase (MPO) is located in primary and secondary granules of granulocytes and their precursors. MPO splits hydrogen peroxidase in presence of chromogens like 3,3'diaminobenzidine (DAB). From the bone marrow aspirate in EDTA, flow cytometric immunophenotyping has been done by standard lyse-wash procedure and data was analyzed. Table 1) . Peripheral blood showed normocytic normochromic anemia, moderate leukocytosis with preponderance of blasts and moderate thrombocytopenia. The blasts show presence of occasional auer rods in the cytoplasm. Bone marrow aspiration shows hypercellular marrow with two distinct blast populations. One population of blasts is small size with very high N/C ratio, clumped chromatin and inconspicuous nucleoli. The other population of blasts is large in size with dispersed chromatin and prominent nucleoli (Figure 1) . Cytochemistry shows 70% of blasts are MPO positive (Figure 2) . From bone marrow aspirate in EDTA, flow cytometric immunophenotyping was carried out by standard lyse-wash procedure and data was analyzed. The abnormal cell cluster was gated (R1) on CD45 which comprises 81.37% of total leukocyte popultaion. The immunophenotypic score for myloid lineage is 3 (MPO + CD117 = 2 + 1 = 3) and the score for B-lymphoid lineage is also 3 (Cyt CD 22 + CD19 = 2 + 1 = 3). Thus, the features are consistent with BAL according to EGIL criteria (Figure 3) . The cytogenetic study was not carried out. The case was planned for blood transfusion and chemotherapy. The patient did not receive treatment and died within one month. Table 1 ). Bone marrow aspiration shows intensely hypercellular marrow with preponderance of blasts comprising around 70% of total nucleated cells with two distinct blast populations. Cytochemistry: 5% of blasts are MPO positive. From bone marrow aspirate in EDTA immunophenotyping by flow cytometry was carried out in the laboratory. The abnormal cell cluster was gated (R1) on CD45 which comprises 76.96% of total leukocyte population. The immunophenotypic score for myeloid lineage is 5 (MPO + CD117 + CD13 + CD33 = 2+ 1 + 1 + 1 = 5) and for lymphoid lineage is also 4 (cytCD22 + CD19 + CD10 = 2 + 1 + 1 = 4). The overall impression thus is BAL according to EGIL criteria. The case was taken up for blood transfusion and planed for chemotherapy with ALL regimens but the patient subsequently died.
Case History

Discussion
Acute leukemias can be classified as myeloid, B, or T lymphoid in origin according to the antigenic profile of the blasts. However, lineage assignment in a minority of cases is not possible because of the evidence of expression of both lymphoid and myeloid lineage-specific antigens in the blast cells. These cases have been described in the literature as biphenotypic acute leukaemia or mixed-lineage acute leukemias and, recently, the designation of mixed phenotype acute leukemia (MPAL) has been proposed by the WHO [1] .
As per 2008 World Health Organization (WHO) classification of leukemias, BAL or MPAL is included in the category of acute leukemias of ambiguous lineage. The definition of a BAL is currently based on the scoring system presented by EGIL. According to this scoring system, a diagnosis of acute leukemia of mixed phenotype is established when the score from two separate lineages is each greater than 2 [2] .
BAL occurs both in children and adults, but epidemiological data are rare. In a retrospective epidemiological study conducted on 693 adults and children cases with acute leukemia. BAL was detected in only 25 cases (3.6%) [3] . Amal and et al reported a 4.3% frequency of BAL in a study in children with acute leukemia. The frequency in children seems to be less than in adult [4] . In our study Retrospective analysis of data of 2 years showed total 72 cases of acute leukemia out of which AML: 24, B-ALL: 39, T-ALL: 07 and BAL: 02 (2.8%).
Morphologically, BAL is heterogeneous and most patients present either as ALL or as AML with or without myeloid differentiation features. Thus, a diagnosis of BAL is unlikely to be suspected by morphology except for the small subset in which there is evidence of a distinct dualblast population with either lymphoid or myeloid features. Therefore, the diagnosis of BAL always relies on immunophenotyping. In both of our cases bone marrow aspiration shows hypercellular marrow with two distinct blast populations.
According to the EGIL immunological score, several subgroups of BAL have been identified, namely: BAL with B lymphoid and myeloid (B/M) markers co expression, BAL with lymphoid markers T and B (T/B) and BAL with the co expression of T/B/myeloid [5] . The most common forms are the BAL B/M, followed by BAL T/M. BAL T/B is rare and BAL T/B/M is exceptional [6] . Both of our cases belong to B lymphoid and myeloid (B/M) category.
The cytogenetic analysis is essential for the prognosis and for the therapeutic attitude in all leukemia cases. The most common cytogenetic anomalies in BAL is t (9, 22) (q34; q11) or bcr/abl rearrangements and the rearrangements of MLL (11q23) band, frequently observed in infants with ALL [7] .
Extensive data on response to therapy and clinical outcome of BAL is not available; however, cases reported in the literature show a poor outcome in both children and adults. Out of 12 biphenotypic acute leukemia patients at first diagnosis treated with ALL or ALL-based induction regimens, 75% (9/12) achieved complete remission (CR). Out of 7 patients treated with AML regimens only 2 achieved CR (28.6%). Of note, 3 of the 5 patients (60%, 3/5) who failed to respond or had only a partial remission (PR) to AML therapy achieved a CR after switching to ALL-based induction therapy. With a median follow-up of 40 months, the median disease-free survival and overall survival were 12 and 16 months. The 3-year dis-ease-free survival and overall survival estimates were 28.3% and 32.4%, respectively [8] .
Published studies have documented the poor outcome of BAL in terms of achieving CR and survival and suggested that these are related to association with unfavorable markers such as p-glycoprotein over-expression and unfavorable karyotype. However, these results need to be taken with caution because of the patient's heterogeneity and the small numbers included [9] . In an extensive study of 100 cases of MPAL, it was suggested that ALLdirected treatment seems more effective with a higher response rate and better outcome compared with an AML or to AML combined ALL schedule. In the prognostic risk assessment two other variables might be considered as strong predictors for outcome, age and the presence of Ph chromosome [10] . Simple immunophenotypic criteria are useful for therapy decisions in MPAL [11] .
Conclusion
BAL/MPAL is a very rare form of hematological malignnancy and represents a diagnostic and therapeutic dilemma. Immunophenotypic criteria are helpful for diagnosis and therapy decisions in BAL/MPAL. The major problem is the choice of therapeutic regime. A unitary therapeutic protocol might be developed in future.
